FILE  COPY  fcDAi09  27l 


ACOUSTIC  MICROSCOPY  AT  CRYOGENIC  TEMPERATURES 


Annual  Summary  Report 


1  July  1980  —  30  June  1981 


Contract  No.  N00014-77-C-0412 


*;> 


G.L.  Report  No.  3369 
November  1981 


Reproduction  in  whole  or  in  part  is  permitted 
for  any  purpose  of  the  United  States  Government. 


distribution  statement  a  | 

Approved  lot  public  release;  [ 
Distribution  Unlimited 


Edward  L.  Ginzton  Laboratory 
W.W.  Hansen  Laboratories  of  Physics 
Stanford  University 
Stanford,  CA  94305 


DT1C 

ELECTE 
JAN  4  $82 

D 


88  01  04  o38 


UNCLASSIFIED 


SECURITY  CLASSIFICATION  OF  This  RAOE  (Wim  Data  Sntarad) 


REPORT  DOCUMENTATION  PAGE 


I.  REPORT  NUMBER 


4.  title  ('and  Submit) 


ACOUSTIC  MICROSCOPY  AT  CRYOGENIC  TEMPERATURES 


7.  author/*; 


C.F.  Quate 
J.  Heiserman 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


3.  RECIPIENT'S  CATALOG  NUMBER 

O  rj  ^ 


s.  type  of  REPORT  6  PERIOD  COVERED 

Annual  Summary  Report 
1  July  80  —  30  June  81 


6.  PERFORMING  ORG.  REPORT  NUMBER 

G.L.  Report  No.  ,3369 


S.  CONTRACT  OR  GRANT  NUMBERS) 

N00014-77-C-0412 


.  PERFORMING  ORGANIZATION  NAME  ANO  AOORESS  ,  , 

toward  L.  Ginzton  Laboratory  '1-  j  l-'*o 
W.H.  Hansen  Laboratories  of  Physics 
Stanford  University,  Stanford,  CA  94305 


II.  CONTROLLING  OFFICE  NAME  ANO  AODRESS 

Office  of  Naval  Research 
Physics  Division  Code  412 
Arlington,  Virginia  22217 


14.  MONITORING  AGENCY  name  4  AOORESS/lf  dllltroot  from  Controlling  Olllet) 


16.  DISTRIBUTION  STATEMENT  (a t  (III*  flopuri) 


10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  4  WORK  UNIT  NUMBERS 


Task  NR384-924 


12.  REPORT  OATE 

November  1981 


13.  NUMBER  of  pages 

10  !  ■  / 


IS.  SECURITY  CLASS,  (oi  Ihlo  r apart) 


UNCLASSIFIED 


ISa.  OCCLASSI  FI  CATION/  DOWNGRADING 
SCHEDULE 


"Approved  for  public  release;  distribution  unlimited" 


17.  DISTRIBUTION  STATEMENT  (ol  tho  obotroct  witarad  In  Block  20,  II  dlffaranf  Irotn  Raport; 


>i  5  T  *!  ;  VJ 

f  vt>;,:.«'>i;ir-,i.U 


is.  supplementary  notes 


19.  KEY  WOROS  ICanllnuo  an  ravaraa  alda  il  na 

Acoustic  microscopy 
Liquid  argon 
Mechanical  scanning 


i . . 

;  i  i»  r/K  i 


•arr  and  Idmntiiy  by  bloclr  number)  .  <  ,  ;*vA 

Superfluid  helium  ■jtf  '  j: 

Liquid  nitrogen  i  * 

High  frequency  acoustic  properties  ’  j 


ABSTRACT  /Cantlnua  on  ravaraa  alda  II  nacaaaarr  and  Idontlty  by  block  number) 


This  report  summarizes  our  progress  in  a  research  program  devoted  to  high  reso¬ 
lution  acoustic  microscopy  and  cryogenic  temperatures.  During  the  past  year 
we  have  studied  the  acoustic  properties  of  two  cryogenic  fluids  -  liquid  argon 
and  liquid  4He  below  the  temperature  of  0.54K,  In  argon  we  have  determined 
that  nonlinear  effects  provide  us  with  a  dramatic  increase  in  resolving  power 
for  focused  acoustic  beams.  In  liquid  helium  we  have  measured  the  attenuation 
versus  temperature  of  sound  at  1  GHz  where  the  wavelength  is  less  than  2500  A. 
The  predicted  behavior  below  0,5  K  where  the  attenuation  varies  as  the  fourth 
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power  of  temperature  Is  confirmed  for  the  first  time  at  these  small  wavelengths. 
It  gives  us  further  confidence  In  our  program  to  realize  an  instrument  that  will 
Permit  u«' to  examine  our  specimens  with  an  acoustic  probe  that  Is  less  than 
1000/A  in  diameter. 


SUMMARY  OF  ANNUAL  REPORT 


Our  principle  goal  in  this  research  program  is  to  explore  the  acoustic 
properties  of  liquid  helium  with  wavelengths  below  1000  A.  We  hold  the 
ultimate  goal  of  using  a  scanned  acoustic  microscope  to  explore  microscopic 
features  of  natural  materials  such  as  metals,  ceramics,  polymers  and 
fabricated  structures  as  used  In  macroelectronic  devices.  The  present 
techniques  available  for  studying  materials  and  structures  in  the  submlnature 
world  are  limited  to  the  electron  microscope.  It  is  insensitive  to  the 
elastic  properties  of  the  samples.  Contrary  to  this,  the  acoustic  microscope 
operating  at  room  tenperature  has  proven  to  be  a  suitable  method  for  studying 
the  elastic  properties. 

We  hope  to  gain  new  Insight  into  material  properties  —  grains  and  grain 
boundaries  in  metals  —  Inhomogenet ies  in  ceramics  or  polymers  --  and  defects 
in  microelectronic  devices.  It  will  be  one  of  the  major  applications  of 
helium  —  a  cryogenic  fluid  with  unusual  properties. 

The  year  covered  by  this  report  produced  several  advances  that  bring  us 
close  to  the  realization  of  an  operating  instrument  which  will  allow  us  to 
explore  the  microscopic  region  that  we  are  so  interested  in.  We  have,  also, 
advanced  our  knowledge  of  the  properties  of  liquid  helium  at  tenperature  below 
1°K  as  explored  with  sound  waves  near  1  GHz  where  the  wavelength  is  less  than 
2500  A  . 

One  major  event  during  the  year  was  the  Rank  Foundation  Conference  in 
London  in  September  1980.  The  entire  conference  was  focused  on  the  principle 
of  mechanical  scanned  microscopy.  Major  areas  of  microscopy  were  treated.  It 
now  turns  out  microscopy  with  optical,  x-rays  and  acoustics  use  this  princple 


to  generate  Images  with  valuable  Information.  Our  work  was  a  major  component 
of  the  conference.  The  results  are  now  completely  published  by  Academic 
Press. *  We  attach  the  title  page  and  table  of  contents  as  an  Appendix. 

We  have  a  dilution  refrigerator  capable  of  cooling  the  microscope  to  the 
neighborhood  of  0.15°K  that  will  now  dissipate  0.2  milliwatts  of  power.  This 
will  take  care  of  the  power  dissipated  by  our  mechanical  scanning  circuits. 

The  attractive  feature  of  liquid  helium  at  this  temperature  is  very  low 
attenuation  for  acoustic  waves.  It  is  also  attractive  because  the  wave 
velocity  Is  0.24  x  10“^  cm/sec  —  a  factor  of  eight  below  water.  We  have  In 
this  program  succeeded  In  putting  together  a  form  of  acoustic  interferometer 
which  has  permitted  us  to  measure  the  acoustic  attenuation  at  the  low 
temperature  less  than  1°K.  That  work  confirms  the  fact  that  the  attenuation 
decreases  as  the  fourth  power  of  the  temperature.  At  that  temperature  (where 
we  propose  to  operate)  the  attenuation  is  reduced  to  the  point  where  It  is  no 
longer  a  limitation  on  the  operation  frequency.  This  is  in  contrast  to  room 
temperature  instruments  where  the  basic  limitation  is  the  intrinsic 
attenuation  of  the  liquids. 

Little  experimental  work  has  been  done  in  liquid  helium  since  the  low 
impedance  of  the  liquid  presents  a  major  obstacle.  The  Impedance  of  helium  Is 
0.03  —  about  50  times  lower  than  that  of  water.  If  we  are  to  exploit  the 
marvelous  properties  that  are  found  there  we  must  deal  with  the  problem  of 
coupling  acoustic  energy  from  a  high  impedance  crystal  to  the  low  impedance 
liquid.  We  have  used  the  approach  of  matching  layers  since  it  is  well  known 
that  a  layer  of  material  one  quarter  wavelength  in  thickness  will  serve  to 
eliminate  reflections  provided  that  the  impedance  of  the  layer  can  be  made 
equal  to  the  geometric  mean  of  the  high  crystal  impedance  and  the  low  liquid 

1  Scanned  Image  Microscopy.  E.  Ash,  Editor  (Academic  Press,  N.Y.,  1980). 


Impedance.  This  Is  no  easy  task  since  the  optimum  Impedance  of  the  layer, 
near  1.0  mech-ohm,  Is  lower  than  any  that  Is  readily  available  In  solids.  It 
has  required  a  major  effort  to  find  the  solution  but  we  think  It  has  new  been 
done.  The  work  was  adequately  described  In  our  1  st  annual  report  (G.L. 

Report  No.  '149,  July  1980). 

During  the  Interval  covered  by  this  report  we  have  made  the  decision  to 
use  single  carbon  layers  rather  than  the  tungsten-carbon  layer.  A  double 
layer  would  permit  more  efficient  transmission  of  energy  through  the  Interface 
but  we  would  be  limited  to  a  rather  narrow  band  of  frequencies.  Many  carbon 
layers  have  now  been  fabricated  on  various  surfaces.  We  think  we  understand 
the  process  rather  well.  Of  major  Interest  to  this  program  Is  our  newly 
acquired  ability  to  deposit  the  carbon  on  the  curved  surfaces  of  the  acoustic 
lens.  We  have  mounted  the  coated  lenses  In  helium  and  tested  their  focusing 
properties  by  translating  a  flat  reflector  through  the  focal  plane.  The 
reflected  signal  rises  to  a  maximum  and  then  decreases  as  the  reflector  is 
moved  continuously  through  the  focal  region.  This  confirms  our  belief  that 
the  principles  developed  at  room  temperature  for  acoustic  microscopy  can  now 
be  translated  over  to  the  cryogenic  instrument. 

The  component  that  remains  to  be  examined  Is  the  system  for  mechanical 
scanning.  We  have  preliminary  indications  that  the  system  used  in  liquid 
argon  (and  nitrogen)  can  be  adapted  to  helium.  It  will  be  part  of  the  program 
during  the  first  quarter  of  the  next  annual  period. 

One  distinguished  result  with  cryogenic  fluids  during  this  Interval  has 
been  the  discovery  by  Rugar  —  Hunt  Fellow  for  1981  —  that  the  resolution  can 
be  improved  by  pushing  the  amplitude  cf  the  sound  waves  into  the  region  of 
nonlinear  behavior.  The  evidence  for  improveo  resolution  has  been 
demonstrated  in  the  images  as  described  previously. 


-3- 


As  we  now  unci*  .'stand  the  phenomena  It  comes  about  as  a  result  of  the 
generation  of  second  harmonic  near  the  focal  region  of  our  spherically 
converging  waves.  These  second  harmonic  waves  are  generated  on  spherical 
wavefronts  and  they  converge  to  a  waist  (at  the  focus)  that  Is  narrower  than 
that  achieved  by  the  fundamental  wave.  The  theory  has  not  been  fully 
developed  but  It  will  be  a  component  of  the  work  for  the  next  annual  period. 

Much  of  cryogenic  microscopy  have  been  developed  through  extensive  work 
In  liquid  argon  and  nitrogen.  It  Is  easier  to  work  there  and  there  we  have 
enjoyeu  considerable  success.  The  Images  In  nitrogen  and  argon  are  superior 
to  optical  Images.  We  feel  that  they  are  merely  a  prologue  to  the  work  that 
Is  ahead  of  us  In  liquid  helium  below  1°K. 
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